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The attached March 20, 1997 matrix, with a~achments, puts forward a condition for the
landscape which has been determined to be properly functioning in order to meet the habitat needs
of anadromous salmonids and other aquatic species in northern California On Pacific Lumber
Company's properties in Humboldt County.

The Matrix was developed using the best scientific and conunercial infonnation available.
Development of the Matrix included both federal and state agencies. The primary contnDutors in
the development include Vicki Campbell, Sharon Kramer, and Nan Reck from National Marine
Fisheries Service; Chris Heppe from Environmental Protection Agency; Mark Stopher, Bill
Condon and Larry Preston from the California Department ofFish and Game; Marty Berbach,
Pete Caff'erata and Marc Jameson from the California Department ofForestfy and Fire Protection;
Frank Reichmuth and Bob Klamt for the North Coast Regional Water Quality Control Board; Jim
Gaither from the California Resources Agency; and, others.

This Matrix is a work in progress, designed to be fluid, responding to studies and literature not
previously considered, and new research and monitoring.

Indicators jn the Matrix are meant to describe landscape and aqua~ic habitat conditions expected
to be achieved and maintained during the life ofthe habitat conservation plan. They also define
species habitat needs for issuance ofa section 10(a)(1)(B) permit in accordance with the
Endangered Species Act of 1973, as amended.
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AQUATIC
PROPERLY FUNCTIONING CONDITION MATRIX

a.k.a. Species Habitat Needs Matrix,

March 20,1997
Work-In-Progress

for the .
PACIFIC LUMBER COMPANY HABITAT CONSERVATION PLAN

* The Matrix displays a condition for the landscape which has been determined. using the best scientific
information available. to be properly functioning In order to Ineefthe ~abitatneeds ofaquatic species.

0" "

* The Matrix below Is to be used for Class I and II watercourses; Class ... watercourse properly functioning
conditions are found in Attachment Up'. "

* AIIlndicat.ors are Interrelated. many are interdependent, and should be viewed together as a functioning
~em. .

PATHNAY fNDlCATORS PROPERLY , REfERENCE NOTES
FUNCTIONING

Water Qualily: Temperature 11.8 -14.6"C (53.2~.2"F); May be lowered lo meet
MWAT 16.8"C (62.2"f) Iehl 1iI11J111iblan needs.. Refer ro
surnrnerjuvenlIe rearing attachmellt "A" for InfolmatiQn

.

"SedimentlT~rbidity Refer to dBdlmenl 15" for CIasa High prlcJIIy for research snd
I & 0 warercourses I1'IDI\itolirv to acfiust for specfftC
Refer to attachment ~ far Class gecIogic turdl3tIoIlS and soil
mwaten:ourses IwJes on the north coast

"..

'0 '.
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AquaUc Properly functioning Condition
March 20.1997 Worlc-ln-Progreas

Chemical Contamlnation( low lewis ofchemical Clean Water Act and state BeIJv 6Jrther explored lor
HtJIIlents ccnramlnaDon tramagr~ reguJaflons rtppI1lpf1ate verbiage and

IndustriIf IIRd olhet soun:as, no standillrd.
eu:ess nutrienI8. no CWA 3D3d
deslQMted reaches: c:ompJies
wllh BasIn Plans

Habitat Id:cea'; Phy&ic;al BillTlers any marHTlada ban1ers pnsenIln
watef5hed IIUOW upstream and
downstreem fish passage at all
floWs

HabitaI Elements: Substrate Refer to Ittachmenl T lor 0-50.
oetJbte ClltlI\I

Large Woody Debris Refer 1o 1I1tachment "C" lor Class CondIUons tor redwood
I &nWlIler'coun1e5 cfoD'dnaIed areas Is being further
Refer Ia allachment oF" lor Class explored; preliminary ngures wUl
III walercourses be avalfable soon.

lPoor frequency ReIer to attachment V' rcr pool
frequel1CY and 811iJchmefll "C" for
1Bf'g2 'M)Qdy detms

Pool Quality Refer to IlUachment 00" end "C";
pooSs »1 meter deep, bIIIBed on
mlnInUIm residual tiW11Illel' dep01
(holding pools), wIIh good c:over
and ccoI wa1Br, mfnar red1Idton of
DOOI woIume~ fine sediment

Off.Q18Anel Habitat matl1taln 8lCI&tln; backw8taJ$ With
cover, and low eneruv cff-d1aMel
areas locnds oxboWS elc.'
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Aquatic Properly FlInClIoning Condition
March 20. 1991 Wortc-ln-Progresa

"Hot Spats- IlII1d Rd.lgIIl, maInIaln exIsIing IIIbitd~ USDA 1993 (SAT RepclIt)
(fmportai~ remnsnI habltatfar spaI&-~ hBbIIst In IImlted
sensiUveaquatic specIesJ ~ and re1ugla (twvens of

habirat safeIv whelll pcpuI;ItIons
tsve. highprabab!lityof ll8IVlng
peItocbI of adYersIly) at the macro
sea (e.g. intadresches,
draIrragIl. Ide.); 8ldstIng reJugIa .
are &uffIcIenI in size, ntmIber Ind
c:enrec:IMty to maintain viable
. or ..L

QlanneI CondltIan & WIdUlIDepth mafnIaIn widthIdepIh nIIio In .
1lJMr&alcs: RlItio propedy funetIonln; &treimlS, a

determined by reaching andf«
main1ainIng propedy functlorrina
COI'ldifioIls of ather fIIUllI11IIlIer
ImpRMl widIhIdepOl ratio In

&beams

strealllbank. >9llf£ slabfe; ie., on llVlQIJe.
CondltIon less than 1O'fbor banbare

adlvetverocling

FIoadplaln malntaln off-dJannel areas
Connedivity ~Ilnkedtomaln

d1anneI; malntenance of ClVltI'bIInk
Dows, WIItIand fund!ci\s, rtparlan
vegetation IIlIdsuccession;
restore c:annectMIv where
feasibfe on DWnlIf6h/p

~ Chanp In PeaIlI watershed l\1drographt lndIcales
BaieFlows peak law, base flowand ftow

timing cha...ctelflltics c:ompa.rabIe
fa anundlsfulbed~ or
similar size, geo/l)gy and

O()



Aquatio Properly Function6ng Condition
March 20, 1997 Work-fn-Progreas

·Inctease In zero or minlmum 1nc:r41Q88 In
DmInage Networf<

,
a!aage nelwottt deIIsIIy due to
mads ; mro lncrase In volume
capay In natural channels so as
not to dearade channel conditions

Watershed Road Management Entire read netwoJf< (fllcludjng
CondItions: permllMnf. seilSllIlal,lempofary

and abandoned (legacy) roads,
landings and skid trails) 8Al
storm-proofed, IJl'l'Ilnd or relU'ed
(sfreram crossings dered 50 as to
prewnt erosion, road bIucked to
prevent motorized use, etc.). All
lnfact road SCJJfaces and drainage
facilities and 1dNctunls receMI at
lessl ennuaIlnspedlon and
additlonld Inspedlon durinlJ use
and wet periocla for proper design
and function. Proper des1lJn and
fundIon ...ruatedaecmdlng to
specItlc perfomlance standards
pedafnillil to sedimenl delIwry,
dnllMge networtl: density and
wIurne capacIIy or natural
channels. AlI e1emen1& ofthe
road network round, throUgh
Inspeclian. 10 nat meet orhigh
prGbabllily ofnot meeIIng
performBnoe slandards mus1 be
treated relocated or retired.

DIiCurtance Further discusslon wamtnted
HfaIory based on outcome or PalCo's

response to Syp comments from

,
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Aquatic Property functioning Condition
March 20,1997 Work-ln-Progres8

Riparian Buffer , For apecIfiCS refer to d8chrnent
"E"fcrCIDsI &II~.
Refer 10 d8ct1mem "F" for CIas&
mwaleI'COlJI5e&.
The tipa1fan buffer~
provkfes adeqlIaIe IMde.Iargs
woodf debris I1lCI\llImer4" and
habitat pro!ediDrl and ccmnectMty
in all subwatersheds. IlIcIIJdes
butters fci known -.wt &pOts» and
tefuU1a tor senslfI\tl8 aquatic
species; pen:ent sImlIarily or
rIpadarl vegeIlIt/on to Ihe pofefItiaI
rmturaI ClItI\II1UIlfty composlfion ts
at:hIeved

I:"

NatIDnaIMarIne FISheries SeMc:e. EnvIrol Piteidal PMedioaI Agency, caflfomIa Deplutalent of FasIl and Game. CllIifmnIa DepiIrtmen1 of Fores&y and fire
PrafectIon and Nlllfh Coast Regional Water auamv Control Board

Vldd Campbell. HdlI1aI MuIne Asheries Setvb:e

PacIIic LUlIlber Company habitaI conservatlcn pIaIlldng effort
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DATA USE AND EVALUATION

P.8/23

For purposes ofwater quality assessment and management, temperature data is used to assess impacts on any
beneficial water use(s). In the North Coast Region, attention is directed to the temperature requirements of cold
water fishery resources, particularly anadromous fish populations, as this beneficial use is extremely sensitive to
;enain temperature conditions. Wide daily variations of temperatures and elevated water temperatures can cause
;igniticant irnpainnent ofthe successful propagation, rearing and survival of anadromous fish populations.

~egional Water Board staffreconunends using two references for eValuating stream temperatures:

1. Temperature Criteria for Freshwater Fish: Protocol and Procedures published by U.S. EPA in 1977.

t Guidance for ava1uatin~and Recommending Temperatures Regimes to Protect Fish, lnstream Flow
Information Paper 28, Carl Armour, U.S. Fish and Wildlife Service, 1991.

Vlaximum Weekly Average Temperature ReQyirements (MWAD

[he}..1WAT is the mathematical mean ofmultiple, equally spaced, daily temperatures ,over a 7-day consecutive
,eriod. A minimum oftwo data are required to detennine the MWAT: the "physiological optimum temperature ll

',OT) and the "upper ultimate incipient lethal temperature" (llUll..T). While the OT can be measured for numerous
,hysiological functions, growth appears to be the most sensitive function. The UUlLT is the "breaking point"
,etween the highest temperatures to which an animal can be acclimated and the lowest ofthe extreme upper
,emperawres that will kill the organism. '

MWAT is calculated as follows:

MWAT =aT + UUILT • aT
3

aT = a reported optimal temperature for the particular life stage or function.

UUILT ""' the upper temperature that tolerance does not increase with increasing
acclirriation temperatures.

Ne have calculated a MWAT for juvenile coho for late summer rearing and found a narrow range oftemperatures
,.-hich are dependent on acclimation temperature:

acclimation temperature
lSoC
20°C

>23°C

UUILT
24°C
2S Q C

2S.8°C

QI
13.2°C
13.2°C
13.2 Q C

MWAT
16.8°C
17.l o C
17.4 D C

rhe aT is the average of the preferred temperature range which is reported to be 11.8 C to 14.6 C (Reiser and
ljom, 1979, Influence ofForest and Rangeland Management of Anadromous Fish Habitat in the Western United
it'ates and Canada. USDA Forest Service Teclmical Report PNW-96).



Draft Properly Functioning Conditions fur Sediment Levels (300m)
-"

Pmpose oflabls: Identify properly fun&tiouing sdmonidhllbilat and other beneficial usc target conditions retative to msercam scdimeat levds and billslope sediment detiv~ muhanisms
011 PI. 0WIlermip. Sediment is one of several water quality and habilat variabb:s nsed for evaluatiDg watershed health and impacts ofmanagcatcnl proposals.

, . Selection ofPmmdqJ and Targets: The listed parametas are based on lab and field JCSC8rch CODdw:tcd Ihroughout (he Pacific Nor1hwesl (as describoi in Chapman J988, BjoIJn and
R.eislr 1991 aodon.crs) uwdl as a limiled amount oflocalizcd inbmation from Northern Catifamia (Knopp 1993,Bums 1970). Base1inedaia fw :d1lt<J'dlC parameters (e.g., V*,
pebble count) aJe not currortly available fOr PI. laMs. PL may wish to incoqxmrte Ibose paramcIcrs into their ffionitoring progrxm fOr fulmc indicAtionofscdimcoI condiliaDs aud
effectiw:n.c:ss ofJIllIJIagaJlcn1 actions. IdcaI~. additional research and moni1oring dais from Norlbem California win provide wfoImation from which to derive watoo;bed-spccifle target
conditions. .

Watqsbod Analysis and Intgim Taqets: OiVCD the DstllTal variation in sediment loading beIwceo and within walersheds. 8 watershed inymtory and analysis sbouId determine cxisling
saiimcot levels and idcnriljr reasonable interim targets. rimcframes and managemeal actiOIl$ "ccess8lY to achieve long-renn goals. A watershed analysis including some Conn ofsediment
budget. should clearly dcIinc baseline conditions BDd identify rclarive contributions ofsediment from differenr natural and human-induced sources (e.g., mass wasting. surface erosion,
roads, in-dwmd storage. etc.).

Biological Parameter Numelic or na.rrstive Reference Reoommcedcd Method Samplmg locations
targd

Dem:ase in embryo %iines <tJ.85mm <11-16% Based oa Jesearch ValelJlmc Protocols pooIJrime~ <3%

SUI1I'ivaI due to dcscribcd in Peterson et (1m) using Mt:Ncil gradient
rcducIian in.gavd al. (1992) for TFW, core samplers
pcrmcalRlity. pore a.apman (1988) and
space BDddissolved Bums (1910) baseline
OX'fgcft data from S. Fork Ya=

Enuapment affry %particles <6.JSmm <:20·25% (Stcelhead Bjomn aDd Rcisec same same
emergiogfromredds and Chinook) (1991). McCuddin

(1977)

Messme ofspawning GeometricMean >2Omm Shiuzi and Seirit Shirazi and Scim niB
~vdquality Dismcter 09791 (1979)

Measure ofpore size Fredfe Index >9 (coho) Lotspeicb and Everest Lotspeich and~ n/a
and pcmteflbility of (1981) (198').

vet

Measure of v· <200A! Knopp (1991) Lisle and Ifdton (1992) 3rd DrMr-. <3%
rc:aringIadaJt holding gmdicnll>t.l earns
habitlll in IlOOSs .

Measure ofsubstrate Pebble count (DSO) 65-95mm Knopp (993) Knopp (1993) smnc
n:ar1na: h.bital aualitv

.'

.
(
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Suspended sediment Turbidity No visible increase in Modified fiom Road Class', n.m
pok:ntiaUy fmpacls turbidity due to timber Use Mitigation Memo watercourses and
migrating openlions in Class I, II, by PL (May 20, 1996} inside ditcbes that
juvmilcladull SIllmon 8L III wat«courscs ami discharge direcllr. to

inside ditches !hat waten:ourscs.
dischargc~Y to
Walerc:ourses.

Measure of &OOUr and Scour Chains Trend toward less Nllwa and Frisscli Naw8 and FosseU low gradient. low
fill ofstreambed deposition (1993) (1993) coafinemenl
scdin:uts impactina
im:ubatioo

Hillslope &ediment ~ce erosion and Zero net dis:'ungc of
delivery mc:ehRnisms n&lSS westiog from sediment mnon-30:J(d)

1lI8Il8gement activities listed water-bodies

Net decrease in
sedimentdelivery from
mmagement activities
in301(d)1istcd
watabodies (Numeric
goal to bed -

Benthic Maeroi.tM:rtebrat Tobcdctcrmincd U.S. EPARapid
IIlaCIOimIa1cbraie populalioo and/or Biousasmct!1
production and diversity i:adices PrdocoJs as adapted by- . rA. rwn

Rdqqwes

BjamD. T.e. aDdD.W. Raser. 1991. Habitatrequin:mwt. ahalmoDida in atlams. AmaiclnPisbaia Society SpccialPubficatioD 19:83·138.
Bums, James 1910. Spawningbed scdimtntalion 8bJdies in IlO11hau Califamia sIrcams. IDJaod F'1Ibcrles DMsioD. c.Ii£ Pcpt Fish ami Game.
Chapmm. D.W..)988. Critical mriewofvariabJes used to define df'c:cts of fines in redds oflalF saImonids. Transiclioos affbc American YlShales Society. Vol J11. No. I.
Kmw, QJIi.stopIA' 1993. Testing indkcs ofcold water tim habilat. ~orlb Coast Regional Water Quality Control Boacd in coaptnfion with Ihe California Dqlartmad ofFarestry and

YIrC Prokdioll.
Lotspcidl, F. 8. and F. H. Evc:n3 1981. A DR' mcthoci for reportiPg and iatcrpn:tins~ compositioa ofsp.wnioa gravd. U.s. Jl<nst SctYice RcscaTch Note PNW·139.
M<OJddm. Michael}m. Survival ofsalmon ad trout embryos Illd fry~ gravet·sautJ mbdun:s. Master'. Thesis. Uaiva'si9' oCldaho.~. .
PeIrnoIl, N. P., A. Hc:adry and T.P. Quinn 1992. AJsessnrem ofcumulanwc effects on saJmoujd ha,bDtat some suggestedparamden adtarF c:ondiliaDs.. Prepared k tlu: Wabiogton .

Deparlma1t ofNatunJ Rc:sources and The Coopaative MoniIorin& Evaluation and~~1tce TirobcrlF"JSbfWildlife Agn:eme:nl Uni~ ofWashiDgton, SesUle.
Washinglon" .

Shira7i. M. A.. W.K. Seim and D. H Lewis 1981. a.aracterization ofspawuing gravel aDd streamS)'ltc:mevaluatian. Pagc8 127·218 in Proceedings from tbcOODfcreno: on salmon
spawDiog gravel: a renewable resaure:c in the Pacific Northwest. Washington State Univeaity, Washington Waler Research CeuIcr Report 39. Pullman. Originally
published IS EPA ReportEPA-800!3·79.)09.· .

Valentine, Bradley Jm. Stream substralc quality fur sa1monids: gmdeliucs for sampling. proeessiag, and analysis. California Dcpartmcol ofForcstJy and Fire Prolcctiou, Santa Rosa,
CA. . .
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Bilby and Ward
'. ..;:~ ~ . . -

Fox
Channel "Key Pieces"'s
Width

Debris Geometric mean Geometric mean Debris ~verage(feel) Mean Average Average
per debris diameter debris length ~rispjea . per debris _ length debris

IOOfeetll (mches)n' (feet)1J volume 100 diameter (feet) piece
(cubic feet (inches) volume

.~ feet)14 (cubic feel'

15 16
,'. ~ .;

14 18 13- 3.3 16 27 35.3

20 12 16 20 26 2.5
22 32 88.3

.25 9 17 22 38 2.0

30 7 18 25 51 1.7

35 6 19 27 63 1.4

40 S
25 S9 211.9

21 29 75 1.2

45 5 22 31 88 1. I

50 4 23 ]3 100 1.0

55 4 25 35 113 1.0 28 78 J 17.8

60 3 26 37 125 0.8

65 J 27 40 137 0.8

I ......

m-..
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11 LoSlodebris frequency/100ft =-1. 12*(Ioglochannel width in feet"'0.3048) +0.46*0.3048* 100
2/ Geometric mean diameter (in.) ... [2.14(channel width in feet·O.3048)+26.43]/2.54
3/ Geometric mean length (ft.) eo! [0.43*(channel width in feet*O.3048)+3.55]*3.281
4/ Mean debris piece volume(cu.ft) = [O.23(channel width in feet·O.3048)-O.67]*(3.281)3
5/ A "key piece" is defined as:

.....alog/and or root-wad that:
1) is independently~ in the stream bankfull width (not functionally held by
another factor; i.e. pinned by another log. buried, trapped against a rock or
bedform, etc.); and
2) is retaining (or has the potential to retain) other pieces of organic debris.
Without this "Key piece", the retained organic debris will likely become mobilized
in a high flow (approximately a ~ IO-year event) (Fox 1994)."

References and notes

Bilby, R.E. and J.W. Ward 1989. ~hanges iil characteristics and function ofwoody debris with
increasing size (jfstre~ in western Washington. Transactions ofthe American Fisheries
Society. 118:368-378.

Fox, Martin 1994. Draft revisions ofthe WSA Fish Module Diagnostic Matrix: LWD assessment.
Muckleshoot Indian Tribe Fisheries Department dated June 6, 1994.

wmc:2122197



Properly Fanctioning Conditions ror Pool Habitat=or~: 4denllfy property b1cIIonJllg pool habllal condifioas lI1at willprovide juvenUe rearing habllat. adult holcfirtJ habUat, and. potentially,
rmaI and odfy rsfugja. dtr'ir.g aD setso:'S or Ifesbwatsr residency.

~roach tor achIevmg aoahi: Watershed aNllysJs should determIne~ pod habllat quantity and quality and 61e cfisIributIon ofgood pool
Bnllts spatial relatfonshlp to kav lhermal refugla aJId spawning areas. .

BlalogicaP Paramet« Numeric Of narrative Reference(s) ReCOfl'll'llCnded Sampling Iocalions
hnpactkoncem target Method
• . In & WIth
In:lSof~

, . Ketler eS aI. 1995 M&asure dis1anca R4!spunseread1esingradients >c:3% and
l8affn~habiIaI: average widths < 10 rrom poInt of conjuncIiDn vrilh
Juven es leave meters (based on ma>dmum depth to sediment and .,tater
slream systems al little lost Man alGrant at at. In press pdnI of maximum IempaJaflJre.

smaller slzeslyoungsr Creek). depth. Probably downstream
ages and are sLmjBd aJNakanua and at lribulary

to grea1el mortality Number cr~ per Pool to pool spacing Swanson 1993 confluences (KielB

eKpfessed by srnaUer mlleequlw b 1 pool par evmy 3 bf5 ~9[ ] Advanc4!s in
rehJrn ratios. loss of ~ 10 pool spacing cbannal.WldIhs en . Hydro-8dence and
addI hcJdng habitat: based m bts w«Ilhs average (ai), . Engineering, Vol 1,

Deep pods that Wang{ed)).

~ holding
Percent of stream pool area >=2D% of

abHa~par1icu!arly surface area the lotal stream
escape cover and COOIPJised of pool surface area.
res&1g areas foJ hCIbftal
adults d rur.s 1hat .Percerrtol rutrnber of ann :>=90% or# of

KeUer BI at 1995enter streams Ibfng pools associalBd with
law IJO\W and mature ~ associated wItb lWD

blLeopold at at. 1964in fJesh water are
Jest. Ihus fewer. or In streams with

bJKeDer and Melhornnona.of those adults. average gradient
repR>doca <3% and average f978
successfully wfdths <=19 meters

blNakamura and[based on Prairie
Creek). Swanson 1993

Number of poots par PQolio pool spacingmne equlvaleru to 1 pool per 9\!B'Y 6
pooi 10 pool spacing channel wdths on
baed on bfs widIhs average (bI).

Per-celli of stream
~OOl area >=25% ofsurface area e Iotal stream

t

- I
I
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·Ofpoor surface area,~ or PeI6-son et a1. 199"l
habBat &he slream surface

ama composed of
poo) hIIbItaIs (eI)"

I

Percent ofnumberof "SO% of 1# of pool$rWi: assoctated with associated WHb lWO

Loss of summer mlieptll >=3 teeD maxunum Ftall$ 1933, maxunum same
rerulPa: Fish deplh, pool depth during
experlence , summer Iovl flows.
Jncceased~redaIkm Volume V" - (see sedimentand polen ally
thermal stress table)

resulting In
deaeased rates of
survivat. lass 01

COver The 8MlSI1PIIon Is
wi."'er refugia: Asb made that f lWD
that can not escape levels, bank stabUil,.
from high velocl1fes and riparian stand
during hdgh winter conditions are met,
rtOlNS can beRushed coverwiU be
!'rom the s)Slem adequateresultiag In smaller
IOU'n rados. higher
mortality frOl1l stress
(turbidly. starvalion)
can occur

j

Notes:

Beschla, R.L ud W.s. Platts. 1988.~ features of sma1\ streams: SigaIf-cance and funcliaD. Walel Resources 8lJ!elin, Vol. 2Z,
lMl. 3. P. 369 - 378.
-P.-Irtary and secondary pools,_&variety Is needed for various age-crasses
-Nealy 90% 0' the pocUlffle sequences may consist of channef reaches 3 to 9 channef widlhs In length•
•Thus &he size, freqUency, distribution, and qualuy ofpools in a stream depend upon the mechanisms of formation and other
c:haraderislcs sucfJ as size of chamals substrates, erodatHIity of banks, and deplh of flow." -

Grant, Swaman. and Wolman (GSA Bulletin manuscript In reviev/)
-RIchards (1978 .,b) and Milne (19828) corroborated that poof-to-pocl spacing is a runction of channel width.

,



-Thefraquan~dlstiIJulion ofpool-to-pool spac[ng In bouIdsr bedded streams peaked between 2-4 atfive channel vtldths. thoug.1-t some
streams hlKl bllnodal distdbutbn with a primary peak at three and a secondary peak at 6 (with a mnga as hgb as 45).
-Church and Gilbert (1975) observed .hat smaD srreams and Iorrenls seemed 10 hava dominant wavelengths 012- 3.5 times the channel
widlh.
-Milne (1982a) noted Ihatbed form spacfngs can ooslly be upset by variation In sediment mixtures and lhl) presonca ot 'rasiduar
bedlo81Lwhicll disaflowed fhe r~ bed-transport rates that produee legu!ar repeating tflSfancos.
-Fitdd obsewatrons suggest thai distinct channel units do not form \\'here sediment supply is high and~nels are wida Instead. braiding
occura andchannel bed morphology Is charactal1zed by long, featureless rapIds (Fal]nestcck. 1963; Ikeda, 1975).

KeDer. EA. A. NacOonaId, T_ lalJy, and N.J. Menit 1995. Effects cllarge OJganic debris CIl1 channel morphology and sediment storage i.,
aefedsd tributaries ofRedwocd Cree~ nolthwestern California. IN Geomorphic processes and aquatic habitat in lhe Redwood Creek
basJn.lKrilNastem CaIif<:lllia. U_S. Ge<llogica1 SuNey Ptofesskmal Paper 1454. Nolan, K.M., H.M. Kelsay, and D.C. Ma~'((m. (ed.s). U.S.
Gov. Print OffICe, Washinglon.

KelJer, EA. aadW.N. Melhom. 1918. RIJytIvnlc spaclng and Ollgln 01 pools sad riffles. Gee. Soc.. OfAm. But. v. 89. p. 123 -130.
-70% oJ the val Ubifily of~mPQOIs can ba exp1aIned by vartabUiJy In channel wtdlh.
-AJ~ and bedrodt channels .. dilrerent dlR'lates had pool spaGilg that was statistfcally from the same population.
-Peal to pool spacfng Is detemUned by measuring the distance belwaen Ih& maxilnJm deptils of adjacent fHlcls.
..channBI widlh is measured a1 a poiQf on theriffte be1ween pools where'Ole cross-charmeJ proBe is nem1y syguneJrfcel and the banks well
der.ned, and is delineated by tile~ o'bel! malarial or the distanoo between major breaks in slope rrom lIle botlom ofthe cflannello the
banks of lhe channel. .
-The 8\f8tage spacing Is six tkDes the channel wkUb_th9 oonduslon of leopDld and others (1964) Olat Foots are spacedapproxitn21ely five
to seven timas the dlannEll width.

PeferscJn, N.P.. A. Handry, and Dr. T.P. Qu1In 1992. Assessment ofcumutatlve effects on salmonld l1a1Wat. some suggested parameters and
target conditions. Prepared for the Washington Dept at NalUraI Resources and the CoopEtrative 1AonIoring. EvaIt.JaIion and Research
Commlltee rrmberlFlshllJVildWre Agreement TfW-f3-92..Q01. Center fa" Streamside StUdies, UW, SeaWe, WA 98195.

NaJr.arnura. F., and F.J. Swanson. 1993. Eftects ofcoars~woody debris on morpho!oOy aOO sedlment 510rage of a mountain stream system in
westBllOregon. Earth SUtf_ Proc. and Landt v.16. p. 43-61.

1889 also: E1sllT 1968. lewis 1969.1



Properly Functioning Condition foD" Riparian Forests and Burrer

PuSJose of tabJe: Iden.ifY properly functioning riparian zone conditions relative 00 producing targeted levds of large woody debris,
.mairdaining t&rgeted l~mpai:~~;o; .~~hllC~ii· iiii'ig.. ting potendal se<i!~~~[ ~~~~'fit;;n'.J:lr.tcn8ls delivcre<hbrocg:ioV\:l'land flG1V%nd­
bank Qltting. and late-sucee.Bonal forest habi4al. The latter indlldes retention ofkey habilat elements. including luge snags, large
woody debris on the IOrest floor and large sized trees.

ARDCoacb for achjevins 80&1,= Watenhed analysil should detemaine existing riparian mRC stand s4ructurc aDd mmposition as well as
potentiaJ to provide key watenhed inputs including large woody debris, stRam-bUlk stability aod 10 function in maintaining 8argeled
temperature ..egimes ud late-successional forest habitat slrucCure and composition. <

Biological ParalDeter Numeric 01 Refen~n~e(s) Recommeaded Sampling locations
impact/concern narrative t.get Method

Low 18lrge wOody QuadralBcmean ~ 24 i5D. dbh m: ~ Bilby and Ward USDAPoresl distal to ou1er
debris (L\\'D) tree diameter tqeted ave. IIkey 1989, ca. Board of Service 1995 margin ofchannel
recruitment (QMO) (Il) of piece" tWO Forestry 1997. Fox migration zone (13)
potentiat fully-stocked slands diameter (11). 1994

whichever is greater

Ave. number of Redwood: I!) Redwood (SAF same same
large treei per acre 23.8 > 32 in. ~ ~ Type 232)
by dbh c1ulI 11.4 > 40 in. &L

Dou81as~fir: (Ix) ~ Douglas-fir/mixed
'8.S, 16;3 > JOinit evergreen (SAP

11.0, 9.0 > 40 iJl. Type 234)

High mid- to late- Over-story tree Ave, ofalleaat 85" FJosi and ReyRolds USDA FOJcst same; assessed ror
Bummer water canopy d'lSU!c percent overstory . 1994 SeMce 19~5~ ~'!ery 20O-ft section
temperature tree canopy closure. ~(')9{) -;oC'~ ....h 04- Ganey and Block or riparian zone. on.

(/4) . ~.~ "CAl 1994 eacb side of streamregumes
,
~

o...
f\
lo
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Properly FUDdioniDg Condition for Riparian Forests and Buffer (collltiouedl

.. J!.iologk:aI Parameter '.' NumcricO( ~. _~. J~e~s>-- ~OO(t _ ~pliog locations--.-.- - -:.~.:.- . .~:
bnpactlcoocCm ,DIITBtiVe tarael - Method

-
Maintain large a) Ave. Ions of a) redwood: fllllCrlOa ct al 1996 USDA Forest distal to outer
dowBc:d woody largeorganic debris to be determined @DU(s-~l-:1 Senicc I99S margin ofdlanocl
debris for near- per acre; fiom samples of migration mae
slRam habitat old-growth
mmp1exityand redwood f«est .
filter strip function riparian zones

Douglas-6r:
24.2Cous per acre
ofmatcriab graJer
dian IOinclaes on
·smaDerad

b) Ave. number of b) redwood: )jlllcnol1 et at 1996
large pieces of . to be determined U.)~~)G'. i='1~
wood on ground from samplesof
per acre old-growth

redwood forest

. riparian ZOBel

DoqgJas-fir.
>:J()P 3.8
>2(Y'&<30" 6.9
>1Sit&.<20" 6.3
>100&<15' 12.1

c) perteD1 StJJiftce c)alleast.95 Ca. Board of
eaver and percent Forcstly 1991
uadislurbed area i-! IL.L."""'~PE'"

, W!r-'I II"1 <',(: II ~ (.,.

'::::~'l>"r.·1 qlo
(C\;;r-"') .

.-



ProD~rly Functionine Condition for Riparian Forests and Buffer (c:ontinuedl

~iologicaJ . o.o. ___o. f!arame!Mo. Numeric or o.~erence(!} __. -Recommended S!mp!ing lOCgtStJIlS_

impact/concern .narrative larRet ~fetlJod

Maintain large Snags per acre ~ 30 Ave. ofat least Richter 1993 same same. assessed over
snags for near- in. dbh dlreo lnags per acre at mOit 10 acrcs of
stream habitat ~ 30 in. dbh (IS) riparian zone (/6
complexity and to
supplement
potential LWD

Lo~ ofvegetati"e Stream bank -Oood" to Pfankucb 1978 PfankucJ1, 1978 Lower Bod upper
cover and sediment slabirJly IlExcellent" stream banb (pfankuch
effects from stream bank stability • ~l;pfEf'..... ~o 1978) aod channell
bank: erosion afforded by (foot 'N'O~ (" \'1- ~-4(mlt.t migration zone

tl\1'"'' slr,bid1systems of large
trees supplemented

"ro.t..l\.: (", lY, .. ,~ (' r
by large wood and
lhrub fayce

II Only lI"eca > S in. dbla are inc:hJded ill QMD calculations. Confidence illtefVaI of+Spercent at 9S percent.
12 See tabb under "Targeted Conditions lOr Large Woody Debris. -
13 See c:bannel migration EOno definition in "AqualicConseIVation Strategy" (USDA Iud usor 1994. DRecoot ofdecision. If) .. ,
/4 Increase 10 greater 1baa 90 percen1 where tcmperatu.rc n::gimes do nol meet the criteria for ·'properly fiJnclioning. 1I

~.

IS AlSumiog a 10000oot·wide zone on both aides, this would be equivalent to~ 1.4 large snags ofthiS size per 100 feet ofstream. 1
/6 ~suming a lOO-foot.wide zone. this would be equivalent to an assessment per O. Bmires ofstre.m. ;
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Properly Fpnctioning Condition for Class m Watercounes

Purpose oftable: Iden8iiY properly funotioning condilioJis within wnes containing class m watercourses. These conditions relate to
producing Ga.-Beted levels oflarge woody debris for tenestrial spedei and ror ddivtr}' 10 aquatic habitalS, mitigmting potenlial sediment
eft'ec1s to dna I and II babi.ats ~nd assooiated spCcles ftom sediment delivered Ibroush class Dl watercourses and producing key
habitat elements. The latter includes rerention and production oflargc IlDISS. luge woody debris OR the forest floor and large trees.

AIIpro.ch for adaicMns.IQIIJ: Watershed anll8ysis should detemHne the exiJling stand structure and composition oftrees, snagl and
downed woody materials and other dementi along class ur watercourses. evaluate the risk ofsediment eft'eetllio aquatic species
(including rahnonids. salamanders and frogs) from limber operations near dass Dr watercourses, evaluate the potential to provide key
watenhed inputs indudinglarge woody debris. stream-bank stability ~d to function in maintainins Dergded hill slope habitat structure
and composition.

Biological Parameter Numeric or Reference{s) Recommended Sampling localions
impact/conc.ena narra8ive target

,
Method

Low sn88 and large Ave. number of AU species: (I R) Bisson et al. U997, USDA forest within "equipment
woody debris green trees per Ilcrc 3 > n in., < IS m. Cline et ai. 0980. Service 1995 exclusion zone"
(LWD) rec.ruitment bydbh class 3 > 15 in., < 30 in. Fceel, 1991. (/2 )
potential J > 10 irb. .Richter 099]•

Maintain large "SoftBl and "hard" Atl species: Cline et aI.• 1980. same same
snags lOr near- snags per acre D, [ >1 Hn.< RSin. Freel. }991 t

stram habitat 1,8 >15io.• <JOin. Richler, 199J
complCKity and to . I, R> 30 in.
supplement
potential LWD

,
1\
IS
'.
1\
to



Biological Parameter Numeric or Refetcncc(s) Recommended Sampling locations.
DBJ1"8Iive target Methodconcan

MaiAtain Iarse a) Ave. tons of a) redwood: USDAF~;: i&-~lbiiJ equipment
downed woody larp organic debris to be determined Service 1995 exc1usioR zone
debris tbr habitat per acre~ from wnples of
complexity and old-growth
filter strip ftmdion redwood forests

Oouglas-fir: Jimerson et at. 1996
24.2 Ions per acre
ofmaterials greater
than 10 inclles on
smaU end

b} Ave. mamba of b) .Rdwood:
Ialle pieces of to be determined
wood 011 ground fiom samples of
peraue oId-growtb

redwood forests
DcmgIas-6r: Jimerson d aI. 1996

>3011 1.8
>2W&<JO" 6.9
>1511&<20" 6.3
>100&<15" 12.7

c) Percent swDcc c) at least 95 Ca. Board of
vcgdaUve cover percent surface Forestry bill slope

vegetation monitoring study
(Il)

,-



"

BioIogicaD Parameter Numeric or Refereuce(s) R.ecommended Sampfins locations. I narrative laraet Methodooocem

Loss ofvcptativa Stream bank .. uGood'~ to Pfankuch 1978 - . Q !tre!'.hr.:!:. !918 Lnwer and upper-.
cover BJJd sediment ••abili.y uEXcellentlt stream banks (Pfankqch
e6Tects ftom stream. bank ltability 1918)
bank erosion afforded by rool

systems oflarge
Ina supplemented
by large wood 80d

shrub layer

I ~ This number oftrecs in each sa, clUB would be pamaneady marked for retention prior to ead1 twvest calry.
n. Equipment cxcfusioJm zones win be estlbflShed aJOD@ all class JIll watercoursea. Zone widths will vary according to s)ope class,
silvicullUnll prescription. yarding method and method ofsite preparation. dope location (e.g" upslope vs. "inner gorgelt

)

ami downstream resources to be protected!.
fJ Personal commuDications from Peter H. eatrerata" CaliComia Departmeot ofForalry and Yo ProtecUoa. March J, U997 and based
on information obtained through the Hin slope Monitoring Study funded by.be California Board orFDTe*y.
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